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(57) Abrégé/Abstract:
The invention relates to a method for measuring intermodulation produced in a measurement segment of a signal transmission
path, comprising the following steps: producing a first HF signal (u,(t)) having a predetermined frequency progression and a
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(57) Abrégé(suite)/Abstract(continued):
second HF signal (u,(t)) having a predetermined frequency progression; feeding the first HF signal (u, (t)) and the second HF signal

(u,(1)) to the signal transmission path (302), wherein an intermodulation signal is produced in the signal transmission path from the
first HF signal (u,(t)) and the second HF signal (u,(t)), which intermodulation signal has a first intermodulation signal component
(Upy(D) produced in an input segment of the signal transmission path and a second intermodulation signal component (up,,(t))
produced in the measurement segment (301) of the signal transmission path; producing a compensation signal (uc(t)) in
accordance with the first intermodulation signal component (urPIM(t)) produced in the input segment; introducing the
compensation signal (u (1)) into the signal transmission path in order to reduce or cancel out the first intermodulation signal

component (U (). The invention further relates to a measuring device for performing said method.
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(54) Title: METHOD FOR MEASURING PASSIVE INTERMODULATION AND MEASURING DEVICE
(54) Bezeichnung : VERFAHREN ZUM MESSEN VON PASSIVER INTERMODULATION UND MESSGERAT
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Abstract:
intermodulation produced in a measurement segment of a signal transmission
V4 path, comprising the following steps: producing a first HF signal (ui(t))
having a predetermined frequency progression and a second HF signal (u,(t))
having a predetermined frequency progression; feeding the first HF signal
(uy(t)) and the second HF signal (u(t)) to the signal transmission path (302),
wherein an intermodulation signal is produced in the signal transmission
path from the first HF signal (u,(t)) and the second HF signal (ux(t)), which
intermodulation signal has a first intermodulation signal component (Wen(t))
produced in an input segment of the signal transmission path and a second
intermodulation signal component (upn(t)) produced in the measurement
segment (301) of the signal transmission path; producing a compensation
signal (uc(t)) in accordance with the first intermodulation signal component
(urPIM(t)) produced in the input segment; introducing the compensation
signal (u.(t)) into the signal transmission path in order to reduce or cancel
out the first intermodulation signal component (u. en(t)). The invention
further relates to a measuring device for performing said method.

The invention relates to a method for measuring

(57) Zusammenfassung:

[Fortsetzung auf der ndchsten Seite]
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IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, Veriffentlicht:

RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, __ . . . .

CM. GA, GN, GQ. GW, KM, ML, MR, NE, SN, TD. rjr;zt internationalem Recherchenbericht (Artikel 21 Absatz
TG).

Die vorliegende Erfindung betriftt ein Verfahren zum Messen von in einem Messabschnitt eines Signaliibertragungsptads
erzeugter Intermodulation, mit folgenden Schritten: Erzeugen eines ersten HF-Signals (u(t)) mit einem vorbestimmten
Frequenzverlauf und eines zweiten HF-Signals (U-(t)) mit einem vorbestimmten Frequenzverlauf, Zufiihren des ersten HF-Signals
(uy(t)) und des zweiten HF-Signals ii,(t) zu dem Signaliibertragungspfad (302), wobei in dem Signaliibertragungspfad aus dem
ersten HF-Signal (u-1(t)) und dem zweiten HF-Signal (us(t)) ein Intermodulationssignal erzeugt wird, das einen in einem
Eingangsabschnitt des Signaliibertragungspfads erzeugten ersten Intermodulationssignalanteil (Uwpm(t)) und einen in dem
Messabschnitt (301) des Signaliibertragungspfads erzeugten zweiten Intermodulationssignalanteil (u»m(t)) aufweist; Erzeugen
eines Kompensationssignals (uc(t)) in Abhéngigkeit von dem in dem FEingangsabschnitt erzeugten ersten
Intermodulationssignalanteil (urpiM(t)); Einleiten des Kompensationssignals (udt)) in den Signaliibertragungspfad zum
Verringern oder Ausléschen des ersten Intermodulationssignalanteils (u.pm(t)). Femer betrifft die vorliegende Erfindung ein
Messgerit zum Austiithren dieses Verfahrens.
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Method for measuring passive intermodulation and measuring device

The present invention relates in general to measuring systems for high frequency
communication systems and specifically to measuring devices for measuring

passive intermodulation.

In particular, the present invention relates to a method for measuring
intermodulation generated in a signal transmission path in which a first HF signal
u(t) with a predetermined frequency progression and a second HF signal ua(t)
with a predetermined frequency progression are generated and the first HF signal
u1(t) and the second HF signal u(t) are introduced into the signal transmission
path, wherein an intermodulation signal containing intermodulation products is
produced in the signal transmission path from the first HF signal u4(t) and the
second HF signal ux(t). Such an intermodulation signal can for example contain
indications of the location of defective points in the signal transmission path and
can therefore be used to locate faults. The invention further relates to a
measuring device for carrying out such a method.
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Description of passive intermodulation (PIM)

The quality of a connection between a permanently installed transmitting and
receiving installation (BTS, base transceiver station) and a terminal device (UE,
user equipment) plays a key role in modern mobile networks. Due to the high
powér generated in the BTS on the one hand and the necessary sensitivity of the
receivers of the BTS and UE on the other hand, faults in the transmission path
can significantly influence the sensitivity of the receivers and thus the quality of

the connection.

One key effect which gives rise to faults in the transmission path is
intermodulation. For example, through intermodulation, two transmission signals
with two different carrier frequencies which are generated with high power in a
BTS generate interfering signals at points with non-linear transmission behaviour
(often simply referred to as “non-linearities”), the frequencies of which are sums
and differences of integer multiples of the frequencies of the transmission signals.
Some of these interfering signals can fall within the reception band of the BTS
and thus adversely affect the quality of the communication. If these interfering
signal are generated in passive elements, this is referred to as passive

intermoduiation (PIM).

Fig. 1 is a schematic representation showing a signal transmission path from a
BTS up to an antenna. The BTS 10 is connected with the antenna 13 via a first
filter 11 and a second filter 12. The BTS 10, the filters 11 and 12 and the antenna
13 are connected together via high-frequency cables 14, 15 and 16, which are
connected to the respective elements via high-frequency connectors 17 to 22.
PIM can occur in all components 11 to 22 of the transmission path. For example,
corrosion in plug connectors, oxide coatings on contacts and metal-metal
transitions, impurities in materials and insufficiently fastened plug connections

can cause PIM.

In order to ensure and check the quality of the transmission device, and/or in
order to locate such faults, measurements of the PIM are carried out. Since PIM
occurs in particular at high powers, as a rule this is measured with the use of high
transmitting power, for example 2 * 20 W.
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Structure of conventional PIM measuring devices

Special measuring devices are available for the measurement of PIM. A
conventional PIM analyser is represented by way of example in Fig. 2. It consists
of a control unit 151 and a signal unit 161, In the signal unit 161, high frequency
signals with suitable different frequencies f1 and f2 are generated in the signal
sources 113 and amplified in the two power amplifiers 114. In the combiner/adder
115, the two transmission signals are combined and sent to the device 130 which
is to be tested (device under test, DUT). The PIM occurring in the DUT 130 is
selected in the filter 116 and detected and measured in the measuring receiver
117. The control, analysis of the measuring results and representation take place
in the control unit 151,

Such a device is for example described in the publication DE 10 2010 015 102 A1.

Problem which is to be solved through the invention

However, it has been found that, due to noise and other interference signals or
undesired signal components in the intermodulation signal, the method and
measuring devices described above often do not permit satisfactory quality testing
of signal transmission paths. In particular, the spatial resolution achieved In the

location of faults is often inadequate.

Summary of the invention

In view of the problems described, the abject of the present invention is to improve
a method for measuring passive intermodulation generated in a signal transmission
path while reducing undesirable interference signals in that an optimal quality
testing of a segment of the signal transmission path which is to be tested as well
as a reliable location of any faults which may be present therein is possible.

Date Regue/Date Received 2020-08-31
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The signal transmission path of the present invention consists of two segments,
namely the input segment and the measurement segment, wherein components
of an intermodulation signal, for example intermodulation products of a given
order, can be generated both in the input segment and also in the adjoining
measurement segment. The input segment can in particular comprise a part of
the signal transmission path. extending from the combiner 115 via the filter 116
and beyond, while the measurement segment forms that adjoining part of the
signal transmission path which is to be tested for its quality and for possible

faults.

The invention is in particular based on the knowledge that, as in all components
of the signal transmission path represented in Fig.1, passive intermodulation can
also occur within the measuring device, which is referred to in the following as
inherent interference or rPIM (residual PIM). This is, in Fig. 2, in particular the
case in the filter 116 and/or in the combiner 115, which are arranged in the input
segment of the signal transmission path. The use of very high quality and
expensive filters currently represents the state of the art. Nonetheless, the
measuring accuracy and measuring sensitivity of the measuring device is
significantly affected by the inherent interference of the filter 115 and other
components in the input segment.

According to the invention, this inherent interference generated by the measuring
device itself or by components arranged in the input segment is reduced and thus
the measuring accuracy increased in that a compensation signal uc(t) dependent
on the first intermodulation signal component upm(t) generated in the input
segment is generated, and the compensation signal uc(t) is coupled into the
signal transmission path in order to reduce or cancel out the first intermodulation
sighal component urpm(t).

In the method of the aforementioned type, according to the invention at least
some, preferably all of the following steps can be carried out:

1) generation, amplification and addition of at least two HF signals,
2) calculation of the frequency of the intermodulation,
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3) separation of inherent interference from the measuring device (first
intermodulation signal component) from a measuring sighal (second
intermodulation signal component),

4) demodulation, power measurement and/or filtering of the inherent
interference,

5) calculation and generation of the compensation signal

6) feeding the compensation signal into the signal transmission path.

Following feeding of the compensation signal, the intermodulation signal reflected
back to the measuring device then comprises virtually only, or exclusively,
intermodulation signai components generated in the measurement segment. The
reflected intermodulation signal component uyq can then be measured and, from
this, one or more points in the measurement segment of the signal transmission
path located which are defective in terms of high frequency transmission
characteristics of the signal transmission path. Consequently, the reflected
intermodulation signal hardly contains any more interfering intermodulation
product components generated by the measuring device itself which could affect

the measurement quality.

Preferably, following generaticn the first and/or the second HF signal are
amplified, added and then introduced into the signal transmission path.

Particularly important is a reliable separation of the intermodulation products
generated in the measurement segment from the intermodulation products which
are generated through the measuring device itself and which need to be
compensated, since the compensation signal is to be generated on the basis of
the intermodulation products generated in the measuring device. Therefore,
preferably at least a part of the first intermodulation signal component upm(t) is
separated from the second intermodulation signal component upw(t), preferably
using a directional coupler. Using the directional coupler, a component of a tbtal
signal ui running out of the input segment or out of the measuring device can be
coupled out, since this output component only contains the first intermodulation
signal component, but not the second intermodulation signal component. After it
has been coupled out, the first intermodulation signal component can be
separated out from components of the first and second HF signals which are also
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being output, for example by means of a filter. For this purpose it is expedient if
the intermodulation signal lies in a different frequency range than the two HF
signals ui, Uz, so that a reliable separation is possible. For example, the
intermodulation signal comprises third order intermodulation products with the
frequency (2f; - ) or similar. Alternatively, the intermodulation signal comprises
second, fifth or seventh order intermoduiation products.

Following separation, one or more variables of the decoupled first intermodulation
signal component such as its power, amplitude and/or phase are measured, and
the compensation signal uc(t) can be generated on the basis of at least one of
these measured variables. Preferably, the compensation signal is generated such
that its superimposition with the first intermodulation signal component in the
signal transmission path cancels this out or minimises this. For this purpose it can
be the case that: uc(t) =- upm(t).

In the case of a sinusoidal intermodulation signal, uc(t) can for example
substantially correspond to the first intermodulation signal component phase-
shifted by 180°. In the case of modulated HF signals, the intermodulation signal is
also modulated, wherein this anticipated modulation can be determined starting
out from the HF signals. The compensation signal can then be generated with a
modulation corresponding to the anticipated modulation and adapted in terms of
power or amplitude and phase such that the first intermodulation signal is

minimised through the feeding-in of the generated compenéation signal.

In terms of achieving a particularly exact generation of the compensation signal
as well as in terms of adaptation to possible signal changes through external
influences or similar it has proved expedient for the compensation signai uc(t) to
be controlled or repeatedly adapted in an iterative method such that its
introduction into the signal transmission path results in a minimisation of the first

intermodulation signal component upm(t).

In terms of achieving a reliable elimination of the inherent interference of the
measuring device it has proved advantageous for the compensation signal to be
generated and introduced into the signal transmission path such that the power of
the parts of the first intermodulation signal decoupled through the directional
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coupler is minimised, because the power of a separated signal component can be
measured particularly simply and reliably. Depending on the measured power, an
adaptation of the compensation signal which is to be generated takes piace,
wherein in particular the amplitude and/or the phase of the compensation signal
which is to be generated can be adapted. According to a particularly preferred
method according to the invention, the phase and the amplitude of the
compensation signal which is to be generated are used alternately as a control
parameter and in each case varied until the power of the decoupled first
intermodulation signal component is minimised. In this way, an elimination of the
inherent interference is achieved particularly quickly and in a few iteration steps.

Alternatively however, only one or also more than two control parameters can be
used. In these cases, an iterative method is not necessarily essential.

Advantageously, the compensation signal u.{t) is, in particular, introduced intc the
signal transmission path between the input segment and the measurement
segment by means of a directional coupler. Alternatively, an introduction at other
points is for example already possible immediately during or also following the
generation of the first and/or second HF signal.

The use of the directional coupler has the advantage that it can be used both for
the decoupling of a component of the intermodulation signal which is to be
separated and measured and also to couple in the compensation signal.

Alternatively, or in addition, the first intermodulation signal component upm(t) can
be separated from the second intermodulation signal component upm(t) by means
of a time window method. In a “time window method”, PIM components are
determined which lie within a specified time window, which can correspond to the

input segment.

Where a time window method is used it is not necessary, or not exclusively
necessary, to decouple at least a part of the inherent interference (or of the first
intermodulation signal) by means of a directional coupler or similar. Instead, the
two HF signals u, and u; are already generated such that an intermodulation
signal generated from the two HF signals contains information on where
intermodulation signal components contained therein are generated. This is made
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possible through a predetermined signal progression or a predetermined
modulation of the first and/or second HF signal, in which, depending on the point
of generation of an intermodulation product generated from the combination
signal uy + u;, a predetermined defined progression over time (or a
predetermined modulation progression) of the intermodulation signal is obtained
which, following analysis or following comparison with the first and/or second HF
signal or a comparison signal generated therefrom, allows conclusions té be
drawn regarding the point of generation of the intermoduiation product.

For example, the frequency f; of the first HF signal us(t) is varied continuously
and repeatedly over time (swept) from a predetermined initial frequency fsrarr t0
a predetermined end frequency fenp With a predetermined rate of change df/dt
over time and the second HF signal is generated with a constant predetermined
frequency f,. In this case, the point of generation of an intermadulation product
reflected from the signal path can be determined from a frequency difference
between the frequency of the reflected intermodulation product and the frequency
of an intermodulation product generated at a known lccation. Details are
described in the publication DE 10 2010 015 102 A1 already cited and are
included in the present disclosure by way of reference. The compensation signal
can then be generated on the basis of the first intermodulation signal component
generated in the signal transmission path before the beginning of the
measurement segment and fed into the signal transmission path at a

predetermined feed point.

Other time progressions and/or modulations of the HF signals enabling a time
window method are possible. According to a particularly advantageous
embodiment of a time window method, at least one of the HF signals is generated
with a carrier frequency and a digital signal ucope modulated thereon. Details of
such a time window method are disclosed in the as yet unpublished patent
application DE 10 2014 007 151.0 and are included in the present disclosure by
way of reference. Expediently, a preferably periodic frame-clock signal is
multiplied by a spreading code in order to generate the digital signal ucope, said
spreading code preferably comprising a sequence of chips. ‘
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In all of the embodiments described above, the first HF signal us(t) and the
second HF signal ux(t) are preferably generated with predetermined different
carrier frequencies fy, f,, so that the frequency of the intermodulation signal differs
from the carrier frequencies. At least one carrier frequency can include a
preferably digital signal modulated onto the carrier frequency with a
predetermined modulation type.

According to a further aspect, the invention comprises a measuring device for
carrying out the method according to the invention.

This measuring device preferably comprises: two signal sources for generating
two HF signals ui(t), u2(t), a combiner for combining the two HF signals and
introducing them into a signal transmission path with an input segment and an
adjoining measurement segment, a device for decoupling an intermodulation
signal component generated in the signal transmission path and a compensation
unit for generating a compensation signal uc(t) depending on the component of
the intermodulation signal generated in the input segment of the signal
transmission path and optionally for coupling the compensation signal ug(t) into

the signal transmission path.

The combiner and the device used for decoupling, in particular a filter, can be
provided in the form of a single component such as a filter-combiner.

The features described in connection with the method according to the invention
can also be provided, mutatis mutandis, individually or in any combination in the
measuring device according to the invention, whereby reference is made to the

remarks above.

In particular, the measuring device can include a directional coupler, preferably
arranged in the signal transmission path between the input segment and the
measurement segment, for coupling the compensation signai uc(t) into the signal
transmission path and/or for decoupling a signal component un. originating from
the input segment and running into the directional coupler.

The compensation signal can be generated by means of a third signal source
and/or a modulator in an iterative method such that a minimisation of the first
intermodulation signal component up(t) results.
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in a preferred embodiment, the measuring device according to the invention for
measuring preferably passive intermodulation with compensation of the inherent
interference comprises a measuring system, a controller unit and a compensation
unit (predistortion unit). The inherent interference (or the first intermodulation
signal component) is separated from the second intermodulation signal
component which is to be measured by the compensation unit. In a receiver, the
inherent interference can be demodulated, detected and/or its power determined.
The parameters for a correction signal can be calculated in the control unit, and
the compensation signal (correction signal) can then be generated in a signal
source and a modulator and coupled into the signal transmission path.
Alternatively, or in addition, a control ioop varies the parameters of the
compensation signal iteratively, until the inherent interference is minimised.

Further advantageous features of the invention are explained in the following
description with reference to the attached drawings, to which reference is
expressly made with respect to details important to the invention which are not

explained in detail in the description.

Brief description of the figures

Fig.1 is a schematic representation which shows a transmission path from a

BTS to an antenna,
Fig.2 is a block diagram illustrating the set-up of a conventional PIM test device,

Fig.3 is a schematic representation which shows a measuring device according
to a first embodiment of the present invention designed to carry out the
method according to the invention,

Fig.4 is a schematic representation of the signals in the signal transmission path
following generation of a third order intermodulation signal,

Fig.5 is an exemplary representation of the first intermodulation signal
component upim, of the compensation signal u.m and of the second

intermodulation signal component Upyy,

Fig.6 is a schematic representation of the directional coupler,
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Fig. 7 is a schematic representation of an iterative method for generating and
optimising the compensation signal using the control parameters amplitude
and phase,

Fig. 8 is a schematic representation which shows a measuring device according
to a second embodiment of the present invention designed to carry out the
method according to the invention, and

Fig.9 shows the separation of inherent interference and intermodulation in the
DUT by means of distance measurement.

Fig. 3. is a schematic representation of a first embodiment of a measuring device
according to the invention for carrying out the methed according to the invention
for the measurement of PIM with predistortion. This embodiment consists of a
measuring unit 200, a predistortion unit 210, a controller unit 220 and a Device
under Test (DUT) 225.

Measuring unit: the measuring unit 200 consists of at least 2 signal sources 201
and 202, at least 2 amplifiers 203, a combiner 204, a filter 205 and a receiver
206.

Signal sources: the two signal sources 201 and 202 are connected with a
controller unit 220. They generate signals us(t) and ux(t) which, depending on the
embodiment, can be sinusoidal or modulated. Preferably, the two signals have
different carrier frequencies f; and f,.

Amplifiers: The two signal sources are connected with the two amplifiers 203.

Combiner: the combiner 204 is connected with the two amplifiers 203 on the one
hand, and with the TX path of the filter 205 on the other hand.

Filter: the filter 205 is connected on the one hand with the combiner 204 and with
a receiver 206. On the other hand, the filter 205 is connected with a (directional)
coupler 213.

Receiver: the receiver 206 is connected on the one hand with the filter 205, and
on the other hand with the controller unit 220.

Predistortion unit. the predistortion unit 210 comprises: a signal source 211, a
modulator 212, a coupler 213, a receiver 214 and a filter 215.
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Signal source: the predistortion unit includes the signal source 211 for generating
at least one carrier frequency (for example 2fi-f;) of the compensation signal,
which is connected on the one hand with the controller unit 220 and on the other
hand with the modulator 212.

Modulator: the modulator 212 is connected with the signal source 211, the
controller unit 220 and the coupler 213 and serves to modulate the signals
generated by the signal source 211 in order to generate the compensation signal.

Second receiver: a second receiver 214 is connected with the coupler 213 and
the controlier unit 220. This receiver 214 serves to receive and possibly measure
a decoupled component of the inherent signal (or first intermodulation signal
component) which is to be minimised.

Coupler: the coupler 213 connects the measuring unit 200 with the DUT 225, as
well as the second receiver 214 and the modulator 212.

The designations of the signais occurring during intermodulation are defined in

the following.

Fig. 4 shows by way of example two signals and the generation of PIM. Two
signals uy and u, have the carrier frequencies fi and f2. Intermodulation products
upim,0 Of the order o are thereby produced at nonlinearities according to

fpim=nft+mf2 (1)

o= [n]+ |ml (2)
The two signals us and uy, as well as intermodulation products (in the example
shown 3rd order upm3 With the frequencies 2fi-f, and 2f-f;) are represented in
Fig. 4. In the case of installations according to Fig. 1, us and u; lie within the
transmission band which is identified in Fig. 4 with TX. The function of the
transmission installation is in particular interfered with if, as illustrated in Fig. 4,
Urim s falls within the reception band which is identified in Fig. 4 with RX. The

variables m, n, o are integers.

The measuring unit 200 is used to measure passive intermodulation in the DUT.
For this purpose, two signals uy and u; are first generated in the two signal
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generators 201 and 202. These signals can be amplitude- and phase-modulated.
In the described embodiment, uy is phase-modulated and u, sinusoidal;

ul(t) ] algjz“ffte)mxft) (3)

uz(8) = a, /270t (%)
In the combiner 204, us and u; are added fo produce uy. The signal uy at the
output of the filter consists (without taking into account the inherent interference
and the correction signals explained in the following) of

U gpe(8) = w1 (1) + 4, (¢) +upp () (5)

In the filter 205, the TX band and RX band are separated, so that the signal Upyo
is present at the input of the receiver 206. Following calculation of the frequency
frm, the signal up, is received and the power of the sighal is measured and
digitised. Via the BUS, the power is transmitted to the controller unit 220, where it
is displayed. The signal amplitude can be used as a measure for the line quality.
The signal can also be used to locate fauits. in this connection we refer to the
publications DE 10 2010 015 102 A1 and DE 10 2012 023 448 A1, the content of
which, insofar as it relates to the location of defective points in signal
transmission paths, is incorporated in full in the present disclosure by way of

reference.

The method steps characterising the method according to the invention are
explained in more detail in the following:

inherent interference (or first intermodulation signal components), referred to in
the following as residual passive intermodulation (rPIM), is generated at
nonlinearities, in particular in the combiner 204, in the filter 205 and/or at
transitions in the signal transmission path according to the same mechanisms as
in the case of PIM. Since the inherent interference follows the same mechanism
in its generation but is generated at different points along the transmission path
and has a different amplitude, rPIM of the order o can be represented as:

Upp it o) = Upps(£)0,pypy £7EPBE (6)
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where apiv represents the amplitude. The phase shift is indicated with @pim. The
distortion of the measuring result for uy is represented in Fig. 5a. The two
pointers of the signals e and Uypiv add up to the signal ux. The distortion of the
power measurement results from the difference in the pointer lengths of u, and

Upim.

Effect of the predistortion: the fundamental idea of the method according to the
invention involves compensating the inherent interference and consequently
improving the accuracy of the measurement. For this purpose, a caompensation

signal u. (also referred to as uceim) is generated which cancels out the signal

UrpIM,0-
Ue + Wppirgo = 0 (7)
Fig. 5b shows the signals upim, Urpim and Uc in the pointer diagram.

The compensation signal uc is generated in the modulator 212. The signal upu(t)
has the time progression:

uPIM(t) = aPJMeJn(nH+mf2)tel(m+n)e1{l) (8)
For this purpose, the coefficients m and n are calculated in the controller unit. A
signal u(t) is determined from equation (1) and equation (8) as ‘

us(t) = tpim(t) (9)

The parameters for the frequency fuim and the signal form are transmitted via the
BUS to the signal generator, where the signal us(t) is generated.

For this purpose, the signal us of the signal generator 212 is multiplied in the
modulator, so that a signal is produced with the form:

u (t) = Ua(t)arpme'm (10)

Of key importance for the calculation of the correction signal u. is the separation
of the signals upm and ur. In the first embodiment, this is achieved through the
use of a directional coupler. In order to be able to calculate the amplitude apim
and phase @, the signal une is decoupled from the signal us in the coupler
213. The function of the coupler 213 is illustrated in Fig. 6. The transmission
signal Uy is thereby fed into the input. The signal uw. is decoupled, attenuated
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through the coupling attenuation k. As a result of the suboptimal directionality r, a
part of the signal from upu from the DUT is also coupled into the signal une, SO
that the signal Uy is derived from

Upa=KUsot + Krttpn (1)

The signal uxe is received by the receiver 214 and the power Prem measured.
The measuring bandwidth of the receiver 214 can differ from the measuring
bandwidth of the receiver 206. The measured power is passed on via the BUS to
the control unit.

The signal form of us(t) is known, in terms of frequency and signal form, and is
calculated once before the measuring procedure and set on the signal generator
via the BUS. Since the interference rPIM can be dependent on environmental
influences, for example the temperature, it needs to be adjusted subsequently
during the course of operation of the measuring device. The parameters apim and

8.om are used for regulation. For this purpose, the equation

P?D)M(avpl’M:erIM): 0 (12)

is solved. Since only one measured value Py is available for the adjustment of
2 parameters this is done following an iterative method. Such an iterative method
is represented by way of example in Fig. 7. The iteration process starts with the
value pair 0: ap, @o. The measured amplitude of PIM can for example be used as
an estimated value for ao, by way of example 2,=0° is used for @o. For the first
iteration step with the result 1. as, @4, @ is varied with constant a until the
measured power of Py is minimal. In the example shown, Ppimq is thereby
achieved. In the second iteration step, the amplitude is varied with constant @
until the minimum value P2 is again attained, where P2 < Prpimit. This

method is repeated until no improvement in the measured power Py results:

F’rPIM. n+1l= PrPlM, n

Alternative embodiment

In an alternative embodiment, a different method of decoupling the received

signal ur and separating the rPIM and PIM interference is used.
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Methods are used in measuring devices for measuring passive intermodulation
which make possible a method for measuring the distance of the measuring
device from a fault. A method is described in DE 10 2012 023 448 A1 which

make such a measurement possible.

The signal uy is thereby frequency-modulated such that a signal form according
to the method described in DE 10 2012 023 448 A1 results. The frequency fy is
thereby varied continuously and repeatedly over time (swept) from a start
frequency fistan to an end fregquency fistop, SO that

N
FAG) =t (13)

According to the disclosure in DE 10 2012 023 448 A1, the difference frequency
f, is generated in the receiver, through which the distance to the fault | can be
calculated according to:
dt (14)

Fig. 9 illustrates the relationship between the spatial arrangement of measuring
device and DUT and the difference frequency fq. Fig. 9a illustrates a measuring
device, which is connected with the DUT through a cable with the length Ipur. The
corresponding frequency of the measuring signal Umess is represented in Fig. 9b.
According to (14) an intermodulation in the DUT generates a measuring signal

with the frequency faour.

in the second embodiment, the measuring signal is filtered, wherein only voltages
with frequencies < fymn are used to determine the power of rPIM. In this way, a
separation of PIM and rPIM is achieved. Because only signals with frequencies
>fyout are used for the measurement of PIM, a resolution limit of |min is achieved,
which is defined as

af
2 (15).

The compensation signal can now be generated on the basis of the power
determined for rPIM and introduced into the signal transmission path.
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Claims:

1. A method for measuring passive intermodulation produced in a measurement segment of a

signal transmission path, comprising the following steps:

(a) generating a first High Frequency (HF) signal (ui1(t)) with a predetermined frequency
progression and a second HF signal (ux(t)) with a predetermined frequency progression;
(b) feeding the first HF signal (ui(t)) and the second HF signal (uz(t)) into the signal
transmission path, wherein an intermodulation signal is generated in the signal
transmission path from the first HF signal (ui(t)) and the second HF signal (ua(t)) which
contains a first intermodulation signal component (upmv(t)) generated in an input segment
of the signal transmission path and a second intermodulation signal component (upmm(t)
generated in the measurement segment of the signal transmission path;

(c) generating a compensation signal uc(t)) depending on the first intermodulation signal
component (urpim(t)) generated in the input segment; and

(d) introducing the compensation signal (uc(t)) into the signal transmission path in order

to reduce or cancel out the first intermodulation signal component (urpv(t).

2. The method of claim 1, including () measuring a reflected intermodulation signal component
urx1 and from this locating one or more points in the measurement segment of the signal
transmission path which are defective in terms of high frequency transmission characteristics of

the signal transmission path.

3. The method of claim 2, wherein the first and/or the second HF signal are amplified, added and

then introduced into the signal transmission path.

4. The method of claim 3 wherein at least a part of the first intermodulation signal component
(urpim(t)) is separated from the second intermodulation signal component (uemm(t)), using a

directional coupler and/or a filter.

5. The method of claim 1, wherein the first and/or the second HF signal are amplified, added and

then introduced into the signal transmission path.

Date Regue/Date Received 2020-10-19
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6. The method of claim 1 wherein at least a part of the first intermodulation signal component
(urpim(t)) is separated from the second intermodulation signal component (upiv(t)), using a

directional coupler and/or a filter.

7. The method of claim 6, wherein one or more variables of the separated part is measured and

the compensation signal (uc(t)) is generated on the basis of at least one of the measured variables.

8. The method of claim 7 wherein the compensation signal (uc(t)) is generated by a control loop
with alternating adjustment of its amplitude a;piv and its phase @rpiv such that the power of the

separated part of the first intermodulation signal component (u;pim(t)) is minimized.

9. The method of claim 7 wherein the compensation signal (uc(t)) is controlled in an iterative
method such that maximum compensation of the first intermodulation signal component(urpim(t))

is achieved when it is introduced.

10. The method of claim 9 wherein the compensation signal (uc(t)) is introduced into the signal
transmission path between the input segment and the measurement segment by a directional

coupler.

11. The method of claim 1 wherein the compensation signal (uc(t)) is controlled in an iterative
method such that maximum compensation of the first intermodulation signal component

(urm(t)) is achieved when it is introduced.

12. The method of claim 1 wherein the compensation signal (uc(t)) is introduced into the signal
transmission path between the input segment and the measurement segment by a directional

coupler.

13. The method of claim 1 wherein a variable of the first intermodulation signal component

(urpm(t)) is determined by a time window method.

14. The method of claim 1 wherein the first HF signal (ui(t)) and the second HF signal (ux(t)) are
generated with predetermined different carrier frequencies fi, f>, wherein a digital signal is

modulated onto at least one of the carrier frequencies.

Date Regue/Date Received 2020-10-19



19

15. The method of claim 14 wherein the first carrier frequency fi and/or the second carrier
frequency f> are modulated such that an intermodulation signal generated from the two HF
signals contains information on the points at which intermodulation signal components contained

therein are generated.

16. The method of claim 14 wherein the frequency fi of the first HF signal (u1(t)) is varied
continuously and repeatedly over time (swept) from a predetermined initial frequency fstarr to a
predetermined end frequency fenp, with a predetermined rate of change df/dt over time, and that

the second HF signal (u(t)) is generated with a constant predetermined frequency f2.

17. A measuring device for measuring passive intermodulation produced in a measurement

segment of a signal transmission path including:

two signal sources for generating two High Frequency (HF) signals;

a combiner for combining the two HF signals and introducing them into the signal

transmission path with an input segment and the adjoining measurement segment; and

a device such as a filter for decoupling an intermodulation signal component generated in
the signal transmission path, and a compensation unit for generating a compensation
signal (u(t)) depending on the component of the intermodulation signal generated in the
input segment of the signal transmission path and for coupling the compensation signal

(uc(t)) into the signal transmission path;
wherein the measuring device is implementing the following steps:

(a) generating a first (HF) signal (ui(t)) with a predetermined frequency progression and a

second HF signal (ux(t)) with a predetermined frequency progression;
(b) feeding the first HF signal (ui(t)) and the second HF signal (ux(t)) into the signal

transmission path, wherein an intermodulation signal is generated in the signal

transmission path from the first HF signal (ui(t)) and the second HF signal (u2(t)) which

Date Regue/Date Received 2020-10-19
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contains a first intermodulation signal component (urpim(t)) generated in the input
segment of the signal transmission path and a second intermodulation signal component

(upmm(t)) generated in the measurement segment of the signal transmission path;

(c) generating the compensation signal (uct)) depending on the first intermodulation

signal component (upv(t)) generated in the input segment; and

(d) introducing the compensation signal (uc(t)) into the signal transmission path in order

to reduce or cancel out the first intermodulation signal component (urpmv(t)).

18. The measuring device of claim 17, including a directional coupler, arranged in the signal
transmission path between the input segment and the measurement segment, for coupling the
compensation signal (u,(t)) into the signal transmission path and/or for decoupling a signal

component (urx2) running in from the input segment.

19. The measuring device of claim 17, including a third signal source and a modulator for

generating the compensation signal in an iterative method such that a minimization of the first

intermodulation signal component (u:pim(t)) is achieved.

Date Regue/Date Received 2020-10-19
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